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Abstract 
The groundwater heat pump system is a new clean energy technology. Its attractive advantages of high efficiency, environmental 
friendliness and energy conservation had made itself favored by people. But there exist some problems in the application as well. 
The "heat transfixion" is one of the main reasons that hinder the promotion of groundwater heat pump technology. In this paper, 
we use a finite element program to establish groundwater heat transport model based on the assumption of some basic conditions, 
using numerical simulation method to study groundwater temperature field evolution on a GWHP system in Shenyang, trying to 
find the scope of "heat transfixion". 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
Energy shortage and environmental pollution have become two major problems which confine the development 
of human society. The development of green renewable energy is imminent. Heat pump is an energy-saving device, 
which makes heat flow from the side of a higher temperature to the lower side by means of a small amount of high-
energy (such as electric energy) input, so as to achieve the purpose of heating or air conditioning[1]. 
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2. METHODS 
In view of the operation characteristics of GWHP system and the actual structure of aquifer, taking into 
consideration the boundary conditions of model area and wells, groundwater recharge, permeability coefficient, 
specific yield, the temperature and dynamic field of groundwater were established. Then we make numerical 
simulation on the model based on the data collected in practical engineering. 
3. Results 
 
      
Fig1.  The elevation of the experiment field 
        
Fig2.  The distribution of the underground water temperature field after the system operated 100d 
According to the simulation result, the system operated 100d under the conditioning model, the surrounding 
water temperature of the extraction well (Z1) is affected by the recharge well (Z2), its temperature rises from 10ćto 
13ć. That is to say, a large amount of heat transfixion occurs within the area of 50m around the recharge well. 
3.1 A brief introduction to the experiment field 
The experiment field covers 8,000 m2ˈthe natural lay of land is flat, and elevation is around 37.8m. Two heat 
source wells are arranged in the experiment field, which are numbered Z1(extraction well ) and Z2 (recharge well) 
respectively, and the spacing between two wells is 50m. 
3.2 A brief introduction to the hydrogeology 
According to the hydrogeological prospecting data, the thickness of medium sand layer, which is on the top of 
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the experiment field, is 18m. The second layer is the clay layer, the thickness of which is 5m. The third layer is 
gravel sand layer, the thickness of which is 15m. The next layer is gray coarse clay layer, the thickness of which is 
4m. The fifth layer is medium coarse sand layer, the thickness of which is 23m. The bottom layer is the clay layer 
with the gravel, the thickness of which is 2m. 
The embedded depth of the underground water level is 10-12m in the experiment filed. The water temperature is 
10ćˈwhich varies little and remains stable in the whole experiment field. The hydraulic gradient of the 
underground water is 1ă, which flows from southwest to northeast and remains laminar conditions. The flow of 
water conforms to Darcy law. 
The phreatic water is replenished with atmospheric precipitation infiltration and the lateral groundwater runoff. It 
is drained through lateral groundwater runoff, leaking system and artificial exploitation. The confined water is 
replenished mainly through lateral groundwater runoff and leaking system. It is drained through lateral groundwater 
runoff and artificial exploitation. 
3.3 The numerical model of the dynamic field of the underground water 
According to the hydrogeological prospecting data, numerical model of the water flow is established as follow: 
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In the equations, n is porosity; ρ0 is the recharge water density, kg/m³;βp is the compressibility of the water, Pa-1; 
P is underground water pressure, Pa; ´ is the time, s; βT is the coefficient of thermal expansion, ć-1; t is the 
temperature of the porous medium and water ć; ρ is the underground water densityˈkg/m³; αb is compressibility 
of the porous mediumˈPa-1; ͪ is gradient operator; KP is permeability tensor, m2; ­ is viscosity of the waterˈ
Pags; g is free fall accelerationˈm2/s; D is the range of the calculating area; g1 is Dirichlet boundary condition. 
Equation (1) is the equation of water flow in heterogeneous anisotropic porous media; Equation (2) is the 
equation of the underground water pressure of the whole experimental field at the initial time; Equation (3) is the 
equation of boundary condition of the underground water pressure of the experimental field[3]. 
3.4The numerical model of the temperature field of the underground water 
According to the hydrogeological prospecting data, numerical model of the temperature field is established as 
follow: 
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Equation (4) is the equation of thermal flow of the homogeneity anisotropic porous media; Equation (5) is the 
equation of the underground water temperature of the whole experimental field at the initial time; Equation (6) is the 
equation of boundary condition of the underground water temperature of the experimental field[4]. 
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This paper sets the experiment field as a research area of 100m×80m. The lateral boundary of the 4 directions is 
generalized as the boundary of constant water level and temperature. The water level of the western boundary is 
27.0m, and 23m in the eastern boundary, the water temperature is 10ć. 
According to the hydrogeological prospecting data and experience, permeability of the aquifer is set as 42.53m/d. 
The elastic storativity is 0.15. Thermal conductivity, heat capacity, thermal diffusion tensor and other parameters are 
based on the past research data around the experiment field, which is listed in the table below: 
Table 1. parameters 
heat capacity 
˄MJ/(m³·ć)˅ 
thermal conductivity 
˄W/˄m·ć˅˅ 
thermal diffusion tensor 
˄W/˄m·ć˅˅ 
water rock-soil water rock-soil water rock-soil 
4.1 1.9 0.63 3.1 6.1 0.6 
 
The pumping quantity is set 600mϢ/d, and simulation time is 100d under conditioning model. The pumping water 
temperature is 10ć, and recharge water temperature is 13ć. 
4. Discussion 
The simulation results in this paper is basically correct, but the supercooling phenomenon occurs around the 
recharge well (Z2). The reason may be that some of the boundary conditions are not particularly correct. Some 
further improvements need to be done to the model. 
5. Conclusions 
Heat transfixion is the major element constraining the application of the GWHP, the cause of which is closely 
connected with aquifer peculiarity, the design of heat source wells and well spacing[5][6]. According to the 
simulation result, to decrease the quantity of the heat transfixion, the well spacing should be increased moderately, 
or to increase the number of the heat source wells, under the condition of a constant pumping water quantity.  
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